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NDA 21455/N_000
Statistical Review and Evaluation
Conclusions and Recommendarions

1 EXECUTIVE SUMMARY OF STATISTICAL FINDINGS

1.1 CONCLUSIONS AND RECOMMENDATIONS

Treatment Study MF 4411 and the prevention Study MF 4499 provided statistical evidence in
favor of their primary objectives in terms of the respective primary efficacy variable.

1.2 OVERVIEW OF CLINICAL PROGRAM AND STUDIES REVIEWED

It appears that the sponsor does not intend to market the 20 mg intermittent dose.

BONVIVA (currently proposed name is Boniva) is proposed to be indicated for the treatment

and prevention of osteoporosis in postmenopausal women. The sponsor proposed the following
labeling:

Treatment of Osteoporosis

In postmenopausal women with osteoporosis, BONVIVA increases BMD and reduces the
incidence of vertebral fractures. Osteoporosis may be confirmed by the presence or history of
osteoporotic fracture, or by the finding of low bone mass (T score < -2.0 SD).

Prevention of Osteoporosis

BONVIVA may be considered in postmenopausal women who are at nék of developing

osteoporosis and for whom the desired clinical outcome is to maintainbone mass and to reduce
the risk of fracture.

The specific Phase I/1II clinical therapy studies performed to support the two above indications
and the total numbers of patients by treatment per study are shown in Chart 0.1.1 and Tables
0.1.2 to 0.1.4' of the Appendix of this document.

§ Note: In-depth statistical review and analyses have been done only with respect to the primary
efficacy variable in the treatment Study MF 4411 and the prevention Study MF 4499 (per
consultation with the Medical Team Leader Dr. Eric Colman):

'n the Appendix Table (or Appendix Figure) number i.j.k, i stands for the serial number of the study 1n
the list of studies above (except that 0 indicates overall or "common to all"), j stands for the section or group number
for the tables 1n a particular study, and k stands for the table number in that section. Both tables and figures are
under one unique sequence without any distinction between them.
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1.3 PRINCIPAL FINDINGS

In spite of some statistically significant interactions in Study 4411 [quantitative, i.e., not
qualitative (except for Treatment by Baseline BMD T- score only), i.e., better ibandronate
treatment response relative to placebo in almost all subgroups, except for BMD T- score >-2.0
SD], both studies reviewed provided statistically significant evidence in favor of their respective
primary efficacy conclusion.

In the fracture Study 4411, all the significant treatment by factor interactions occurred for the
2.5mg vs placebo comparisons and the factors were: Baselme lumbar spme T-score, age, weight,
years since menopause, and vitamin D status.

In the prevention Study 4499, no significant interaction could be detected (except for the 1.0 mg
vs placebo comparison, for which the treatment by weight interaction p-value was 0.0965) from
all analyses that could be obtained from the sponsor. Nonetheless, non-significant variation in
subgroup-results has been discussed in Section 2.3.3.2.6 Reviewer’s Comments and Conclusion.
There was a linear dose-response relationship. A unit increase in dose resulted, on an average, in
1.2084 fold increase from baseline of BMD (L1- L4) at Month 24,

#
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Statistical Review and Evaluation

2 STATISTICAL REVIEW AND EVALUATION OF EVIDENCE

(An overview of the whole clinical program for the two indications as provided by the sponsor is
in the following Section 2.1.)

2.1 INTRODUCTION AND BACKGROUND

Note: Except where specifically mentioned otherwise (as notes, reviewer's comments,
conclusions, etc.), all other results and statements in this document are the sponsor’s. The
reviewer's silence does not imply his agreement with the sponsor’s statements. Whatever the
reviewer has verified and believes to be true is specifically stated so. In particular, the material
in Sections 2.1 to 2.3.2 (indented) is almost verbatim from the sponsor’s submission. Elsewhere,
sponsor’s statements may be slightly changed for brevity or for clarity.

This application seeks approval for 2.5 mg daily oral ibandronate (Ro 200- 5450)
for the treatment and prevention of osteoporosis in postmenopausal women.

Intravenous ibandronate is (Note: claimed by the sponsor to be) currently
approved in Europe for the treatment of hypercalcemia of malignancy.
Ibandronate is being further investigated to determine thé efficacy and safety of
the compound given using alternative dosing regimens for the treatment and
prevention of postmenopausal osteoporosis.

This ISE (Note: Sponsor’s Integrated Summary of Efficacy) focuses on the studies
using oral ibandronate for the treatment and prevention of postmenopausal
osteoporosis. However, efficacy data from the key intravenous ibandronate
studies in the treatment and prevention of postmenopausal osteoporosis will be

presented as they provide supportive evidence for the efficacy of ibandronate in
these indications.

As presented in the (Note: copied from the sponsor’s ISE and included in) Chart
0.1.1 and Tables 0.1.2 to 0.1.4 of the Appendix of this document, the clinical
development program comprised five categories of studies investigating:

 the pharmacological properties of oral and intravenous ibandronate (Clinical
Pharmacology);

o the efficacy and safety of oral ibandronate in the treatment of postmenopausal
osteoporosis (Oral Treatment);
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e the efficacy and safety of oral ibandronate in the prevention of postmenopausal
osteoporosis (Oral Prevention);

o the efficacy and safety of intravenous ibandronate in the treatment of
postmenopausal osteoporosis (Intravenous Treatment);

o the efficacy and safety of intravenous ibandronate in the prevention of
postmenopausal osteoporosis (Intravenous Prevention).

2.2 DATA ANALYZED AND SOURCES

Data used by the reviewer are from the electronic document room:
\CDSESUBI\N21455\N_000\2002-07-15\crt

\CDSESUB1\N21455\N_000\2002-09-04\crt
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223 Staristical Evaluation of Evidence on Efficacy / Safery

2.3.1 SPONSOR'S RESULTS AND CONCLUSIONS

2.3 STATISTICAL EVALUATION OF EVIDENCE ON EFFICACY / SAFETY

Primary Endpoint: New Vertebral Fracture— Oral Treatment Study MF

4411
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p.o, daily p.0. intemmit, oczuv-d
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Lifetable Failure Rate Estimates (95% CI) for First New Incident Vertebral Fracture (Study
MF 4411)
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Sponsor’s Summary of Results (Study MF 4411)

In comparison to placebo, ibandronate treatment reduced after 3 years of treatment highly
significantly the risk of a new incident vertebral fracture by 61.6% for the 2.5 mg daily and by
49.9% for the 20 mg intermittent group, respectively The p-values for the treatment effect
(estimated by a proportional hazards model without an interaction term for the BMD status at

baseline) were p = 0.0003 (2.5 mg) and p = 0 0005 (20 mg), respectively. The reduction was
robust and was consistently observed in a variety of subgroups.

Significant reductions of new vertebral fractures were observed in both treatment groups also afier

2 years of treatment. A strong reduction was already evident in the 2.5 mg group after the first
year (reduction of 57.9%; p = 0.0561). )

Significant reductions were observed with either regimen 1n the incidence of new or worsening
vertebral fractures.

Reviewer's Note: The.rates 61.6% and 57.9% for the 2.5 mg group mentioned by the sponsor
above are not appropriate because these are from the proportional-hazards model with the
treatment by baseline BMD T-Score interaction. When there is an interaction term in the
proportional hazards model, results depend on the coding and so different types of results can be
obtained by different coding. These rates should be replaced by 52.2% and 39.8%, respectively,
obtained from the proportional-hazards model without interaction (as was done for the p-
values). Ref: Table 26 of the ISE (Integrated Summary of Efficacy) Section 9.1.2.1 in the NDA.
Ideally, in the case of a serious interaction, especially of a qualitative type as in this case, the

.
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results should be provided separately for the subgroups of the interacting factors. Also, the
results were not consistent in all subgroups (significant treatment by factor interaction occurred
Jor the 2.5mg vs placebo comparisons and the factors were: Baseline lumbar spine T-score, age,
weight, years since menopause, and vitamin D status). See the subsection “Covariation,

\ Interaction, and Subgroup Results” after the discussion of the main results in the Section
2.3.3.1.5 Efficacy Results.

Primary Endpoint: Lumbar Spine BMD [L1 - L4] - Oral Prevention Study MF 4499

Mean Relative Change in Lumbar Spine BMD at Year 1 and Year 2 - LVCF (95% CI) (MF
4499 - ITT)
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Time Course of Mean Relative Change (95% CI) from Baseline in Lumbar Spine BMD over
2 Years with Daily Ibandronate (MF 4499 - ITT)

Over 2 Yaars with Daly Randronate. Pratoool MF4498 (ITT Poputation)

3

21 I i

.

.o P
LEEATEY Ty IS

IO PP E R

Mean Relatlive Change (%)

‘2 T L] Ll T v L] L T
0 3 8 ] 12 15 18 21 ¢
Month
——r PLACEEG XX € O3MCONLY 4—a—4t fousfALY S50 23MGOMLY

Progam SPRODLIp101131sabmayg sas) OQutout  SPRCONAR 10135 mponuitau2ypidl com
CHLECI001 14 50

Sponsor’s Summary of Results (MF 4499 - ITT)
Therapy with 2.5 mg daily oral ibandronate in patiénts at risk of déveloping postmenopausal
osteoporosis was demonstrated to result in:

Significant increases in BMD at the lumbar spine and hip compared to placebo for 2.5 mg daily
ibandronate,

Dose- dependent increases in BMD at the lumbar spine, hip and forearm compared to placebo with
2.5 mg daily being the most effective dose;

Effective prevention of bone loss with consistent effects on BMD at the lumbar spine and hup in
both early and late postmenopausal women as well as women with normal or low BMD.

Sponsor’s Overall Discussion

The data presented in this ISE clearly demonstrate the efficacy of oral ibandronate in reducing the
risk of new vertebral fractures and restoring bone mass in postmenopausal women. Additicnally,
increases in BMD at various skeletal sites and suppression of elevated markers of bone turnover to
premenopausal levels clearly reflect the antiresorptive activity of ibandronate. Vertebral fracture
study MF 4411 was a large, multicenter, multinational, double- blind, randomized, placebo-
controlled study that included two distinct oral dosing regimens of ibandronate, as well as several

11
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clinically important secondary efficacy endpoints. Within this single study, confirmatory evidence
was provided for the efficacy of oral ibandronate in the treatment of postmenopausal osteoporosis.
MF 4411 demonstrated statistically very robust results for the primary endpoint, the incidence of
new vertebral fractures, leading to a clear rejection of the study’s null hypothesis of no treatment
effect for both ibandronate regimens. Results for both dosing regimens were internally consistent
among various relevant population subgroups, and both dosing regimens demonstrated efficacy on
a number of key secondary endpoints, such as BMD at various proximal and distal sites, bone
markers of resorption and formation, and height. These results further support the conclusions of
the primary analysis. Study MF 4411 provided substantial evidence of efficacy of 2.5 mg daily
oral ibandronate for the treatment of osteoporosis in postmenopausal women.

Note: See the Reviewer's Note above.

Furthermore, MF 4499, a large, randomized, placebo- controlled, multicenter, two- year study
evaluated the effect of oral daily ibandronate on the change in lumbar spine BMD for the
prevention of osteoporosis in postmenopausal women. This study clearly demonstrated the
efficacy of 2.5 mg daily oral ibandronate in reducing bone turnover and preventing
postmenopausal bone loss. The efficacy of ibandronate in preventing bone loss was also
confirmed using weekly oral ibandronate in study MF 4500.

Fracture efficacy of ibandronate — vertebral fractures:

The efficacy of ibandronate in fracture risk reduction was demonstrated for two different oral
ibandronate treatment regimens. The primary endpoint of a reduction in the incidence of new
vertebral fractures was met with a very robust statistical significance for both the daily (p=
0.0001) as well as the intermittent (p= 0.0006) oral ibandronate regimens. The magnitude of the
treatment effect at Year 3 was equally strong, with a relative risk reduction of 62% for the 2.5 mg
daily adminustration, and 50% for the intermittent adminustration. There was no statistical
difference between the magnitude of risk reduction induced by either regimen.

Importantly, the effect of treatment with 2.5 mg daily oral ibandrogiate on fracture risk reduction
was of a consistent magnitude throughout the 3 year study period, and no waning of the effect was
observed. The relative risk reduction for new vertebral fractures in Year 1 (58%) and Year 2
(61%,) was of a similar magnitude as observed in Year 3 with the 2.5 mg daily oral ibandronate
regimen (62%). The statistical significance of the reduction, relative to placebo, was very robust in
Year 2 (p=0.0006) and approached significance at Year 1 (p= 0 0561). The lack of significance at

Year 1 was most likely attributable to the unusually low fracture incidence (1.8%) observed in
Year 1 for the placebo group.

Note- See Reviewer's Note above about the inappropriateness of the preceding statements.

Fracture efficacy was also consistently shown for new or worsening vertebral fractures, as well as

for clinical vertebral fractures and in subgroups of patients at varying fracture risk. The

consistency of the fracture efficacy was also confirmed in an analysis on the patient subpopulation * ~~
with a baseline BMD T- score below -2.5, and therefore fulfilling the BMD criteria for

osteoporosis according to the WHO. In addition, study MF 4411 demonstrated for the first time,

under adequate and well- controlled trial conditions, the fracture efficacy of an intermittent
bisphosphonate regimen having a dose- free interval of up to 10 weeks.

Osteoporosts, with associated increased vertebral fracture nsk, may also lead to increased loss in

stature. Ibandronate treatment significantly reduced the mean loss in stature both annually and
after 3 years relative to placebo with both regimens.

12
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Additional information on the fracture efficacy of ibandronate was provided by the L.V.
ibandronate study MF 4380. This study investigated the efficacy of ibandronate using an
intravenous formulation. Similar to MF 4411, MF 4380 was a large randomized, placebo-
controlled, multicenter clinical trial including nearly 3000 patients with near identical inclusion
criteria resulting in a study population comparable to that of MF 4411. While the primary endpoint
of a significant reduction in the incidence of new vertebral fractures was not met in the MF 4380
ITT analysis, a consistent reduction of new vertebral fractures was demonstrated throughout the

study period, and statistical significance was reached in the PP analysis with 1.0 mg quarterly LV.
ibandronate.

The trend towards fracture reduction observed in MF 4380, together with the consistently lower
magnitude of BMD gains and suppression of markers of bone tumover, support the interpretation

" that this study used an insufficient ibandronate dose for the 3- month dosing interval investigated.

This is further corroborated by the results of studies MF 4361 and MF 4470, which demonstrated
the magnitude of effects on BMD and bone markers to be inferior with 1.0 mg L. V. quarterly
when compared with the 2.5 mg daily oral dose explored in study MF 4411. Additional strong
support implicating insufficient dosing in MF 4380 was provided by the analysis of the
relationship between change in BMD and fracture risk reduction. Although MF 4380 did not meet

the predefined primary endpoint, it did, nonetheless, provide additional supportive evidence for
the efficacy of treatment with ibandronate.

Fracture efficacy of ibandronate — clinical and nonvertebral fractures:

The efficacy of ibandronate in reducing fracture risk was also evaluated as a secondary endpoint
for clinical and nonvertebral fractures in both MF 4411 and MF 4380. Although these studies were
not designed to test for statistical significance in the reduction of symptomatic fractures, nominal
reductions were shown in MF 4411 1n the number of clinical fractures, including clinical vertebral
fractures, compared to placebo. The MF 4411 study population showed a baseline BMD profile
suggesting that the population was at low risk for fractures. When a subgroup of the population
was investigated which was at higher risk for fractures, and which consequently showed a higher

incidence of clinical fractures, a clear and statistically significant effect was demonstrated for both
the daily and intermittent oral ibandronate regimens.

No apparent treatment effect was observed in the incidence of clinical nonvertebral fractures,
including hip fractures, compared to placebo in MF 4411. However, for the population subgroup
at higher risk for fractures, a clear treatment effect was also observed which showed a significant
reduction in the number of nonvertebral fractures compared to placebo. A clear trend showing a
beneficial treatment effect on osteoporotic clinical and nonvertebral fractures (mcludmg hip
fractures) was also observed in MF 4380.

The effect of ibandronate therapy on the incidence of vertebral fractures, clinical fractures, and
nonvertebral fractures is to be viewed in light of the patient population characteristics of the two
fracture trials. The design and conduct of the fracture investigations, MF 4411 and MF 4380,

closely resembled the large FIT [6007] and VERT [7805, 7802] clinical trials performed for other ~.
bisphosphonates. Although there were no major differences in the design of these studies,

including the use of similar inclusion criteria, some population characteristics differed

considerably between the trials. In particular, the incidence of new vertebral fractures after 3 years

in study MF 4411 was approximately 40% lower than observed in the FIT and VERT studies.

A substantial proportion of the patients in MF 4411 had essentially normal femoral neck BMD T-
scores at baseline, suggesting that the study population was at low risk of experiencing new
fractures. Despite this low risk, ibandronate treatment provided robust fracture efficacy in study
MF 4411 as assessed for the primary endpoint of new vertebral fractures. The lack of observation

13
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of a treatment effect on nonvertebral fractures must be considered in the light of the low fracture

risk of the study population. This is further supported by the observation of a treatment effectin a
subgroup of patients at higher fracture risk.

Bone Mineral Density:

The efficacy of ibandronate on changes in BMD was assessed in study populations with
established osteoporosis as well as in study populations at risk for developing osteoporosis.
Therapy with 2.5 mg daily oral ibandronate resuited in consistent and progressive BMD increases
at the lumbar spine, hip and forearm in all populations assessed. BMD increases were dose-
dependent and characteristic of bisphosphonate therapy. In MF 4411, patients with
postmenopausal osteoporosis respanded to ibandronate therapy with rapid and significant BMD
gains in the first 6 months, and gains in BMD that continued progressively throughout the 3- year

course of treatment. The progressive pattern of gain in BMD showed a pattern typical of
bisphosphonate therapy.

In the prevention studies MF 4499 and MF 4500, therapy with 2.5 mg daily or 20 mg weekly oral
ibandronate also resulted in significant increases in BMD at the lumbar spine and hip relative to
placebo. Dosing of 2.5 mg daily or 20 mg weekly ibandronate was able to fully prevent bone loss

at these sites in early and later postmenopausal women, and in women with normal bone mass or
having already reached an advanced osteopenic condition.

Histomorphometric analysis confirmed the normal quality of newly formed bone and the absence
of mineralization impairment or marrow abnormalities.

The link between the gains in BMD induced by ibandronate therapy and the associated reduction
in fracture risk was analyzed and the strong relationship between the ibandronate- induced BMD
gains and fracture nsk reduction was validated. Regression analyses and a surrogate marker
analysis confirmed ibandronate- induced BMD gains to be predictive of vertebral fracture
reduction, both for orally as well as intravenously administered iba,x}dronate.

/

Markers of Bone Turnover:

Therapy with oral ibandronate, led to dose- dependent suppression of markers of bone turnover.
The profiles of marker suppression were characteristic of bisphosphonate therapy. A characteristic
pattern of suppression was observed for markers of bone resorption in response to therapy with 2.5
mg daily tbandronate. The nadir was reached rapidly after approximately 3 months, and followed
by sustained suppression throughout the 3 year period of treatment. Markers of bone resorption
responded more rapidly to therapy and showed greater maximal suppression than did markers of
bone formation. Greater fluctuation was also observed in markers of bone resorption in response
to the drug- free intervals of the intermittent dosing regimen. In osteoporotic populations, the
magnitude of resorption marker suppression was sustained at a level between 50% to 80% below
baseline with either the daily or intermittent ibandronate regimens. In populations receiving 2.5
mg daily oral ibandronate for the prevention of postmenopausal osteoporosis, the magnitude of the

suppression of markers of bone resorption was sustained at a level of between 40% to 50% below
baseline.

Suppression of markers of bone formation led to a nadir of approximately 40% relative to baseline
after 6 months, with suppression sustained thereafter throughout the remaining 3- year treatment
penod. The same pattern of suppression, with a similar magnitude, was also observed in the
prevention population as a result of therapy with 2.5 mg daily oral ibandronate.

14
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A similar profile of suppression was observed in the prevention studies MF 4499 and MF 4500 as
had been observed with the osteoporotic population of MF 4411, albeit with a lower magnitude of

suppression reflecting the baseline characteristics of the prevention study populations in MF 4499
and MF 4500.

Sponsor’s Overall Conclusions

In summary, treatment with 2.5 mg daily oral ibandronate led to a highly robust reduction in the
risk of new morphometric vertebral fractures in patients with postmenopausal osteoporosis (62%,
p= 0.0001). This protection was maintained, without waning, over the 3 year period of treatment.
A significant reduction in the loss of stature was consistently shown with daily ibandronate
therapy, as was a reduction in new or worsening morphometric vertebral fractures and clinical
vertebral fractures. In addition, the anti- fracture efficacy of an intermittent bisphosphonate
regimen with a drug-free interval of up to 10 weeks was demonstrated for the first time under
clinical trial conditions. The risk of clinical fractures was nominally reduced with 2.5 mg daily
ibandronate therapy, and a significant reduction in osteoporetic clinical and nonvertebral fractures
was observed in a subgroup of the study population at high risk of experiencing such fractures.
The lack of an observable treatment effect on the incidence of nonvertebral fractures in the total
patient population was probably due to the low- risk patient population included in the study.

Note: See Reviewer's Note above about the inappropriateness of some of the preceding
Statements.

Daily therapy with 2.5 mg oral ibandronate resulted in consistent and progressive increases in
BMD at the lumbar spine, hip, and forearm both in postmenopausal women with established
osteoporosis as well as in postmenopausal women at risk of developing osteoporosis. In
osteoporotic patients, treatment with 2.5 mg daily oral ibandronate resuited in mean BMD
increases of 6.5% at the lumbar spine and 3.4% at the total hip after 3 years. In the prevention of
osteoporosis, 2.5 mg oral ibandronate was also observed to be the most efficacious daily dose
tested, with significant BMD increases demonstrated relative to placebo. Gains in BMD showed a
progressive pattern typical of bisphosphonate therapy. The newly formed bone was shown by
histomorphometric analysis to be of normal quality and without mineralization defects.

Tbandronate- induced BMD gains were demonstrated to be predictive of vertebral fracture nsk
reduction with a strong correlation shown between the change in lumbar spine or hip BMD and
the reduction in vertebral fracture rate with ibandronate therapy. Furthermore, a strong correlation
was demonstrated for the relative change in BMD between Year | and Year 2, Year 2 and Year 3,
and Year 1 and Year 3 for BMD of either the lumbar spine or total hip.

Accelerated postmenopausal bone turnover was reduced by ibandronate, with 2.5 mg daily
ibandronate significantly suppressing markers of bone resorption and formation compared to
placebo in patients with postmenopausal osteoporosis or at risk of developing osteoporosis. The
response of markers of bone turnover to treatment was rapid and the effect was sustained
throughonut the period of treatment.

This integrated summary of efficacy has presented data demonstrating substantial evidence of
efficacy for oral ibandronate in reducing the risk of fractures in patients with postmenopausal
osteoporosis, and in restoring bone mass in postmenopausal women at risk of developing
osteoporosis. Thus the sponsor is seeking approval for 2.5 mg daily oral ibandronate, administered

with a post-dose fasting period of 60 minutes, for the treatment and prevention of osteoporosis in
postmenopausal women.
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2.3.2 STATISTICAL METHODOLOGIES

(Note: Further details are in NDA Section 2.12.6 of the respective Study; some are in Sections 2.3.3.1.5 and
2.3.3.2.5 of this document.)

Oral Treatment Study MF 4411

Primary Endpoint: New Vertebral Fracture — The analysis of the primary endpoint “incidence of
new vertebral fractures” was done by testing the homogeneity between the treatment groups of the
time-to-event curves with respect to the event ‘first new incident vertebral fracture’. All patient

withdrawals were considered censored observations in this analysis, unless withdrawal was
preceded by a new vertebral fracture.

The time-to-event analysis was done according to the life-table method with events grouped to the
first study year, second study year and third study year intervals. The intervals were delineated on
the basis of study days. All events that occurred after Year 3 were allocated to the third study year.

Oral Prevention Study MF 4499

Primary Endpoint: Lumbar Spine BMD {L1 - LA] - The primary criterion for the evaluation of
relative change in BMD was the mean change in BMD of the non- fractured [L1- L4} lumbar
spine vertebrae. The change in BMD was defined as the relative difference between the two-year
measurement (either measured or carried forward) and baseline, using the following formula:

Relative change = (2- year value — baseline value) / (baseline value) x 100

The primary model was an ANOVA, which took treatment and allocated stratum of the individual
patients into account as independent factors. The pnimary analysis was the analysis of the intent-

to-treat (ITT) population. In the ITT population, a missing BMD value at Month 24 was imputed
using the LVCF method.

2.3.3 DETAILED REVIEW OF INDIVIDUAL STUDIES )
/

Note: If statistical significance is not mentioned, then the comparison is only numerical.

The following two studies have been reviewed in depth with a focus on the primary
efficacy variable and analysis:
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2.3.3.1 Study MF 4411

Synopsis of the Study follows:

TITLE OF THE STUDY: Clinical Study Report - Protocol MF 4411: Multicenter,
double-blind, placebo controlled, randomized study on the efficacy and safety of

ibandronate over 3 years in patients with postmenopausal osteoporosis using a continuous
oral and an intermittent oral dosing regimen.

INVESTIGATORS / CENTERS AND COUNTRIES: 73 Centers in Canada, Denmark,

France, Germany, the Netherlands, Norway, Poland, Russia, the United Kingdom, and
the United States.

PERIOD OF TRIAL: Nov. 22, 1996 — Aug. 29, 2000

CLINICAL PHASE: III

OBJECTIVES: To investigate the long- term efficacy and safety of continuous and
intermittent oral administration of ibandronate in the long-term treatment of

postmenopausal osteoporosis, using the incidence of new vertebral fractures as the

primary efficacy variable. ;

. /)
STUDY DESIGN: 3-year, multicenter, double-blind, randomized, /placebo-controlled
study with 3 parallel treatment groups.

NUMBER OF SUBJECTS: A total of 2946 patients were randomized. The 3 treatment
groups of the ITT/ Safety population were composed as follows: 975 patients on placebo,
977 on 2.5 mg daily ibandronate, and 977 on 20 mg intermittently ibandronate.

DIAGNOSIS AND MAIN CRITERIA FOR INCLUSION: Women with postmenopausal
osteoporosis aged 55-80 years, with time since menopause 25 years. Bone- mineral
density T-score in at least one vertebra of the lumbar spine (L1-L4) between -2.0 and -
5.0, and with 1- 4 prevalent vertebral fractures (T4-LA).

DOSE / ROUTE / REGIMEN / DURATION: Treatment was given orally over a period
of 3 years. Patients in the 2.5 mg group received daily doses of 2.5 mg ibandronate.
Patients receiving intermittent treatment were administered 12 doses of 20 mg
ibandronate every other day at the start of each 3 month cycle. On days without active
study medication they were given an identically looking placebo. All patients received
oral doses of calcium (500 mg/ day) and vitamin D3 (400 IU/ day) as supplements.
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CRITERIA FOR EVALUATION

EFFICACY: The primary efficacy parameter was the incidence of new vertebral
fractures, defined as the proportion of patients with at least one new fracture. Secondary
variables included: general incidence of clinical fractures, bone mineral density (BMD)
of the lumbar spine, proximal femur, and distal forearm; height, pain and disability;
urinary calcium, CTx and NTx; serum osteocalcin, bone-specific alkaline phosphatase,
and parathyroid hormone concentrations.

SAFETY: Incidence of clinical adverse events, concomitant medications, clinical
laboratory assessments (hematology and blood chemistry), laboratory abnormalities.
Bone biopsy histomorphometry assessments were performed in a subgroup of patients.

STATISTICAL METHODS: All efficacy parameters were summarized for both the ITT
and PP populations. The primary analysis group for all fracture analyses was the ITT
population; for BMD and biochemical markers of bone tunover, the PP population was

primary. Subgroup analyses were conducted for the new vertebral fractures, osteoporotic
clinical fractures, and BMD variables.

Analysis of the primary efficacy vanable was performed using the life-table survival
method. A confirmatory analysis of the primary endpoint was done by testing the
homogeneity of the time-to-event curves. The reduction in relative risk was estimated by
using a proportional hazards model considering an interaction between treatment and
‘high’ or ‘low’ lumbar spine BMD at baseline. Analyses of time-to-event for clinical

fractures, used Kaplan Meier survival analysis to evaluate pairwise differences between
treatment groups. . . /

An ANOVA was used to investigate the treatment effect on the relative 3- year BMD
changes, adjusting for baseline BMD as a covariate. Kruskal-Wallis tests were used for
the comparison of treatment groups, based on 3-year data, for relative changes in markers

of bone turnover. Differences in the reduction of height were assessed by a Wilcoxon
test.

METHODOLOGY:

After a screening visit within 3 months prior to study start patients attended regular visits
at 3 months intervals during the 3-year study. Lateral radiographs of the thoraco-lumbar
spine were taken annually for the assessment of vertebral fractures. Evaluation of the X-
rays was performed by 2 central reading facilities. BMD measurements of the lumbar
spine, the hip, and of the distal forearm (for a subset of patients) were carried out every 6
months during the first 2 years and then again at the final visit. Two central quality
assurance centers calibrated and corrected all data before transfer to the sponsor. Height
and bone pain were recorded at each visit. Laboratory assessments were done at 3-month
intervals during the first half year and then every 6 months until the end of the second
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year and then once more at the final visit. All collected laboratory samples were used for
the analysis of safety parameters, while samples of subset of patients were also used to
assess efficacy parameters. Disability/ physical activity were recorded annually. Safety
information regarding adverse events and concomitant medications were recorded
continuously throughout the study.

2.3.3.1.1 Objectives

To investigate the long-term efficacy and safety of continuous and intermittent oral
administration of ibandronate in the long-term treatment of postmenopausal osteoporosis,
using the incidence of new vertebral fractures as the primary efficacy variable.

2.3.3.1.2 Disposition of Patients

From the 2946 patients originally randomized, 17 patients were excluded from the ITT
and Safety analyses because they did not take any study medication. The composition of
both the ITT and the Safety populations was identical.

The distribution over time of withdrawals did not differ considerably between treatment
groups (Table below). The highest rate of withdrawal was observed in the first year (up to
Visit 5) in all groups and irrespective of whether the withdrawals were due to AEs or due
to other reasons. In the subsequent 2 years (up to Visit 9 and Visit 13, respectively) the
withdrawal rates were markedly lower than in the first year but there were no consistent
differences between treatment groups (which might potentially affect the results).

. 7

Distribution of Treatment Completion/Withdrawal by Year (ITT/Safety)
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The following graph summarizes the percentage of patients continuing with treatment
over time.

Figure for Distribution of Treatment Completion/Withdrawal by Year
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In addition, the graph below also shows the percentage of patients withdrawing. from
treatment due to adverse events at 1, 2 and 3 years.
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Figure for Distribution of Withdrawals (Cumulative) due to Adverse Events
by Year (ITT/Safety)
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2.3.3.1.3 Demographic and Other Baseline Characteristics

NDA 21455/N_000
Statistical Review and Evaluaton
of Evidence on Efficacy / Safery

Summary of Baseline Demographic Characteristics (Safety/ ITT):
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The mean time since menopause was between 20.8 and 20.9 years in all treatment
groups. A slightly higher proportion of patients in the ibandronate groups had undergone
an oophorectomy (14.7% and 16.1%) compared to placebo (12.4%). The numbers of
hysterectomies were more similar (20.4% and 19.2% for ibandronate) in comparison to
placebo (18.1%). The proportion of patients that had received post-menopausal hormone
replacement therapy was between 20.8% and 21.9%.

APPTARS THIS WAY
O ORIGINAL
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Summary of Fracture History at Baseline (Safety/ ITT):
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For some patients there were violations of inclusion and/ or exclusion criteria. The most
significant deviation was the absence of any prevalent vertebral fractures in 185 patients
(6.3% of the ITT population, see Table 10 of the study report in the NDA), although the
inclusion criteria required 1-4 such fractures. The reason for this discrepancy is that
during the screening period, all baseline vertebral radiographs were evaluated only
morphometrically, without any qualitative assessment by a radiologist. When radiologists
reassessed the vertebral radiographs during the further course of the study, the
radiologists downgraded a considerable number of conditions initially considered to be
prevalent vertebral fractures. A listing of patients without or with more than 4 baseline
fractures is provided in NDA Appendix 13 of the study report.

Five variables were found to have a significant imbalance (without multiple comparison
adjustments) between at least one of the active treatment groups versus placebo at
baseline. Three of.those variables (body height, clinical fractures in last 5 years, and

serum bone- specific alkaline phosphatase) were for differences between the 2.5mg group
versus placebo.
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Alternative analyses for efficacy were done adjusting for these imbalances (see the
subsection “Covariation, Interaction, and Subgroup Results” after the discussion of the
main results in the Section 2.3.3.1.5 Efficacy Results).

2.3.3.1.4 Measurements of Treatment Compliance and Other Factors That Could
Affect Response

Summaries of Gynecological History and Other Baseline Characteristics, Bone Mineral
Density at Baseline, Values for Markers of Bone Tumover at Baseline, Previous and
Concomitant Medical Disorders at Baseline, etc. are in NDA Section 3.1.4 to 3.1.6 of the
study report.

Mean Time Spent in Study:

The mean time of patient participation in the study was well balanced between the -
treatment groups, and ranged from 2.42 to 2.48 years (Table below). Similarly, the
duration of the period during which patients received study medication was similar

between treatment groups, ranging from a mean of 2.25 to 2.31 years (NDA Appendix
16). .
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Previous Treatments:

From the ITT population, 276 patients indicated the absence of any medications prior to
study start or at baseline. The percentages of patients receiving at least one previous
treatment was evenly distributed among treatment groups. However, the actual number of
previous treatments was slightly higher in the ibandronate groups (3691 for 2.5 mg and
3673 for 20 mg) than in placebo (3527), thereby, mirroring the somewhat higher number
of previous disorders in the two ibandronate groups (see 3.1.5). Also, on the level of the
individual superclass terms, there were no obvious imbalances in the distribution of
previous treatments among the three treatment groups. Apart from various vitamin and
calcium preparations, the most frequent previous medications included analgesics /
antipyretics, antiinflammatory / antirheumatic agents, anticoagulants, B-blockers, and
cholesterol reducers/ antiatheroma preparations.

Concomitant Treatments:

A full summary of all concomitant medications taken during the period in which the
patients received study medication is provided in NDA Appendix 29. Every patient in the
Safety population received at least one concomitant treatment. The overall distribution of
the number of treatments was very similar between placebo (8621 treatments) and the 20
mg ibandronate group (8669 treatments) but was slightly higher in the case of the 2.5 mg
ibandronate group (9377 treatments). The most frequent concomitant medications were
calcium and vitamin D as adjuvant therapy for osteoporosis. The Most frequently
administered other concomitant medications were those used to treat digestive disorders
(antacids, antiflatulents, antipeptic ulcerants), musculoskeletal disorders (analgesics,
antiinflammatories), and cardiovascular disorders (anticoagulants, beta blockers,
cholesterol reducers, arteriolar smooth muscle agents, renin-angiotensin system agents,
myocardial agents). Only minor differences were observed between treatment groups,
and these were not considered to indicate any safety issue undetected by the analysis of
the safety/ tolerability profile as presented in 3.4.

The patients were prescribed, or distributed directly, concomitant calcium and vitamin D
(see 2.6.5 and 2.6,7). The summaries in NDA Appendix 30 and Appendix 31 of the
various types of calcium and vitamin D treatments show that at least 99% of patients in
each treatment group were administered at least one medication with calcium and one
with vitamin D. The average duration of calcium and vitamin D prescription was very
similar among treatment groups (ranging between 2.38 and 2.43 years). The compliance
(calculated based on the time the patients were on study) was also very similar, being

between 96 and 97% for all treatment groups, both for calcium and vitamin D (Appendix
32 and Appendix 33).
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2.3.3.1.5 Efficacy Results
(Sponsor's Analyses)

The Data Analysis Plan (DAP) differed substantially from the protocol. In the presence of

a Data Analysis Plan (DAP), in general, sponsors no longer follow the protocol with
respect to statistical analyses.

Date of finalization of DAP: 14™ December 2000 (attachment to DAP finalized)

Date of Database Closure: 14® December 2000
Date of Rangiomization Code Release: 14" December 2000

The Data Analysis Plan (DAP) stated:
Primary Model for the Confirmatory Approach

The confirmatory analysis of the primary endpoint “incidence of new vertebral
fractures” (as observed) will be done by testing, between the treatment groups, the
homogeneity of the time-to-event curves with respect to the event ‘first new
incident vertebral fracture’. In the confirmatory analysis, all patient withdrawals

will be considered censored observations, unless withdrawal was preceded by a
new vertebral fracture.

Events will be grouped to the first study year, second study year and third study
year intervals. The intervals will be delineated on the basis of study days (see
below). All events that occur after 3 years will be allocated to the third study year.

The time- to- event analysis will be done according to the Cox regression method
including the covariate BMD at baseline, to control for possible inhomogeneities
between the treatment groups with respect to the number of “high” BMD patients
and “low” BMD patients. The BMD criterion is selected to reflect the upper

threshold for the definition of osteoporosis used in corresponding fracture studies

with other agents and in osteoporosis guidelines.
The covariate will be defined as a binary variable on the levels 0 and 1 as follows:

1) (High BMD): Baseline BMD at lumbar spine [L2- L4]: > -2.0 SD T- score,

0) (Low BMD): Remainder (this group includes specifically those with missing
values for lumbar spine [L2- L4] BMD at baseline).
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The p- value of the Wald statistics from this cox regression model will be decisive
for the assessment of the treatment effects.

The relative risk reduction and corresponding confidence intervals of the first new
incident vertebral fracture associated with placebo will be calculated by means of

an appropriate adjusted Cox regression analysis for the individual ibandronate
treatment groups.

In a first step, the cox regression model specified above will be extended by the
interaction between treatment and BMD-covariate. In the event that this analysis
does not reveal concerns with respect to different treatment effects in the two
BMD subgroups, the estimate of the model without interaction (i. e. the model of
the confirmatory p- value) will be used to give an estimate of the risk reduction.
Otherwise, due to the definition of the covariate, the cox model with interaction

allows for a specific investigation of the effect of the drug in the population
defined by a BMD criterion of osteoporosis.

The proportional hazard analysis will be applied to a data-model adapted to a life-
table approach with yearly intervals.

Details on how patients will be considered in the model of the life-table approach
are in the Data Analysis Plan.

Statistical Hypotheses

1

The confirmatory efficacy analysis follows a set of partial /a'-priori defined and
ordered hypotheses. The statistical hypotheses are ordered to investigate the
difference in fracture incidences over three years between treatment groups at the
same level of alpha. This ordering of hypotheses will allow for a test at the level
of alpha = 5% each for each of the individual hypotheses, unless the previous
hypothesis could not be rejected.

The partial a priori ordering of hypotheses is formally defined as follows:

Set 1:

HO1: “Thére is no difference between placebo and the pooled ibandronate
groups in the incidence of new incident vertebral fractures”.

Set 2:

HO2: “There is no difference between placebo and continuous daily administered
2.5 mg ibandronate in the incidence of new incident vertebral fractures”.

27



4o

NDA 21455/N_000
Stdstical Review and Evaluation
223 Statistical Evaluation of Evidence on Efficacy / Safety

HO3: “There is no difference between placebo and intermittently administered 20
mg ibandronate in the incidence of new incident vertebral fractures”.

Note: The reviewer commented during the protocol stage, “The sponsor must submit for
review the proof, and not just some statements made in literature, that their set of a-
priori defined and ordered hypotheses, each tested at the 5% level, controls the overall

Type I error at 5% level.” The sponsor did not respond. Fortunately, multiple-dose is not
an issue now.

Set 3:

HO4: “There is no difference between continuously daily administered 2.5 mg
ibandronate and intermittently administered 20 mg ibandronate in the incidence of
new incident vertebral fractures”.

HO02 and HO3 are classified in one set of hypotheses.

The test procedure will first investigate, at the level of 0=5%, whether HO1 can be
rejected. In case HO1 is rejected, the hypotheses H02 and HO3 will each be tested

simultaneously at c=5%. If HO2 and HO3 are rejected, H04 will be tested at
=5%.

Efficacy Results, Primary Analysis

In comparison to placebo, ibandronate treatment reduced after 3 years of treatment highly
significantly the risk of a new incident vertebral fracture by 61.6%/for the 2.5 mg daily
and by 49.9% for the 20 mg intermittent group, respectively. The p-values for the
treatment effect (estimated by a proportional hazards model without an interaction term
for the BMD status at baseline) were p = 0.0003 (2.5 mg) and p = 0.0005 (20 mg),

respectively. The reduction was robust and was consistently observed in a variety of
subgroups.

Significant reductions of new vertebral fractures were observed in both treatment gr.oups
also after 2 years of treatment. A strong reduction was already evident in the 2.5 mg
group after the first year (reduction of 57.9%; p = 0.0561).

Reviewer’s Note: The rates 61.6% and 49.9% for the 2.5 mg group mentioned by the
sponsor above are not appropriate because these are from the proportional-hazards
model with the treatment by baseline BMD T-Score interaction. When there is an
interaction term in the proportional hazards model, results depend on the coding and so
different types of results can be obtained by different coding. These rates should be
replaced by 52.2% and 49.1% obtained from the proportional-hazards model without
interaction (as was done for the p-values). Ref: NDA Table 26 of the ISE (Integrated
Summary of Efficacy) Section 9.1.2.1. Ideally, in the case of a serious interaction,
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especially of a qualitative type as in this case, the results should be provided separately
Jor the subgroups of the interacting factors. Also, the results were not consistent in all
subgroups (significant treatment by factor interaction occurred for the 2.5mg vs placebo
comparisons and the factors were: Baseline lumbar spine T-score, age, weight, years
since menopause, and vitamin D status). See the subsection “Covariation, Interaction,
and Subgroup Results” after the discussion of the main results in this section.

Significant reductions were observed with either regimen in the incidence of new or
worsening vertebral fractures.

New Incident Vertebral Fractures

A total of 149 patients suffered at least one new vertebral fracture during the 3 years
course of the trial. Such fractures were experienced by 73 patients on placebo, but only
by 37 patients (2.5 mg) and 39 patients (20 mg) of the ibandronate groups. By a life-table
approach, the rate over 3 years of ITT patients with new incident vertebral fractures was

estimated to be 9.6% for the placebo group and 4.7% (2.5 mg) or 4.9% (20 mg) for the
ibandronate treatment groups.

Primary Endpoint: New Vertebral Fracture— Oral Treatment Study MF 4411

.
£
7

7

Placebe " Iban 2.5 ng I 20 ng 2.5m, 20 g
p.o. daily P.O. intermit. ined

INw 95} N9 {H=97) [N~-3964)

Uiy

Through Year 3

PICERTS Vith 2LirpT now fracrure 3 37 39 5

Ratimaza for incidence 2.56% 4. 68Y 4.90% LY

25\ C1 for esrinate 7,47y ~ 11.66% 3.20% - 6.16% 3.35V - &.45% 3L - 555

Sccondary:

Tarough (ear

Patjents with first new fracture 4? 25 F34 4

Patiacts for lncidebow 5.487% 1.0 2.53% 2..n%

°3% €I Zor ectimate 4,24% - J.51n 1,858 - &.20\ 1.45y - 2.58% Z.0% - 33T

Tarough fear 1

fPaciercs with $irst new tracture 18 1 17 i

Zotimaste fer ircidence 1.91¢ 1.11% LB 133N
5% LT fra sstinale 0.9)% - 2.89% 0.43% - 1.5V 1.00% - 2.9 . - AL

Hite: ma patiant in placabo group oould nk to ealuated fec lack of a spiae X gy at basalina,
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Lifetable Failure Rate Estimates (95% CI) for First New Incident Vertebral
Fracture (Study MF 4411)

ME4411 {TT)
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Treatment Group 44—+ Placebo O 25mg e-¢-¢ 2AWmgy

§ Covariation, Interaction, and Subgroup Results

Note: The synopsis of this large subsection is provided in Section 2.3.3.1.6 Reviewer's
Comments and Conclusions.

BMD was the only covariate pre-specified in the Data Analysis Plan, for inclusion in the
Cox regression model, for primary analysis. The table below summarizes the covariation
and interaction p-values from the Cox regression model fitted to the primary efficacy
parameter, incidence of New Vertebral Fracture (based on the ITT population).
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Covariation and Interaction P- values from Cox Regression Model Fitted to the
Primary Efficacy Parameter (ITT)

2.5mg vs, placebo Vs, bo

RRR P-value RRR P-value

61.62% 0.000] 4987 | 0.0006
BMD T-score $8.53% 0.0023 88.50% | 0.0026
Trexmend*BMD  T.] 940.53% | 0.0043 272% | 09765
$000C

Note 1) BMD T- score has been classed as a binary covariate, 0= ‘S -2.0 SD’ and 1=">-2.0 SD’.
2) RRR - Relative Risk Reduction '

Note: See Reviewer's note above about the inappropriateness of the results for the 2.5 mg
vs placebo comparison from this model with the interaction term.

The distribution of the small number of new fractures in the low risk group of patients
with a BMD T- score > —2.0 was different to the new fractures found in the majority of
patients with a T- score <-2.0. As a consequence, the interaction test between treatment
and BMD T- score was significant for the 2.5 mg daily ibandronate treatment group (p=
0.0043), but not for the intermittent treatment group (p= 0.9765). This interaction is
qualitative.

The following table presents the fracture incidence and relative risk reductions for the
primary efficacy parameter for each BMD lumbar spine T-score level and each treatment
group.

Lifetable Analysis for the First New Incident Vertebral Fracture and Estimate of
Relative Risk Reduction through Year 3 by BMD Lumbar Spine L2-14 T-score

(ITT)
Fructure Incidence Relative Risk Reduction
Placebo 2.5my 20mg 2.5mg vs, | p-salue 20my vx. | povalue
Placcho Placebo
BMD Lumbar Spine (1.2-1.4) :
T-scoee £-2.08D 11.47% 1.55% 5.85% 61.63% <0,0001 | 49.8%% 0.0006
tn=778) | (n=721) | in=783
T-scoee »-2.08D 1.44% £.28% 0.58% -298.25%% | 0.0805 48.02% 03933
(0=196) {n=186) {n=194)

The treatment comparison p-values show that there was a greater treatment effect
between 2.5mg versus placebo and 20mg versus placebo in the high-risk patients (i. e.
BMD T- score <= -2.0 SD) than in the low-risk patient subgroup. In fact, in the low risk
patient subgroup, the 2.5mg group was numerically far inferior to placebo and
statistically nearly significantly inferior to placebo. That is, the interaction was
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qualitative. The sponsor’s p-value was 0.081 for this comparison in the low risk patient

subgroup. By the reviewer’s analysis, using SAS PROC LIFETEST, the p-value was
0.0587 (0.0591, when adjusted for “continent”).

The distribution of fractures in the two subgroup-BMD levels was not consistent across
all treatment groups. In the placebo and 20mg intermittent groups, the incidence of
fractures in the high risk patients, namely patients with BMD T- score <-2.0 SD, was
higher than that in the low risk patients, whereas a somewhat similar incidence was
observed in the 2 levels of BMD T-score for the 2.5mg.

§ The following subgroup (or factors to be considered potential risk factors for fracture)
analyses were exploratory:

All patients were female. Over 98% of all patients were Caucasians. Therefore, subgroup
analyses were not applicable for these factors.

Seventy-three centers enrolled patients in MF4411, so a sub-group analysis with 73 levels
would not be practical, instead the centers were grouped into continents (Europe, North
America) and regions (Canada/ Montana/ Seattle, Other North America, Norway, Other
European). In the model containing patients from the placebo and 2.5mg groups, the risk
of a fracture in Europe is 41% higher than in North America, however the covariate

’Continent’ is not significant at the 5% level. When Region was included in the model,
20mg result was non-significant.

There was a statistically significant Age (<70 (Age 0) or 270 (Agé 1)) by Treatment

interaction (p= 0.0747) for the 2.5mg vs placebo comparison. The treatment benefit was
more in the age group <70:

Lifetable Analysis for the First New Incident Vertebral Fracture and Estimate of
Relative Risk Reduction through Year 3 by Age Group (ITT)

Fraciure Incidonce Relative Risk Reduction .
Placcho | 2.5mg 20mg 2.5mg pralue | Jomgvs | pvalue
vs. Maceba
Placebo
Agfe
70 10.96% 3.38% 4.78% TLARY <0.0iXH $6.97% 0.0019
. {n-501) | (n=510) | (n-510)
270 FRILN $.46% $.06% 37.08% | 0410 3942 ooy
(n-347)) | 10~467) | (n-467)

Note: 1) The Cox regression mode! also contained baseline lumbar spine t- score (<-2.0 SD, >-2.0SD) as a
covariate and the interaction between baseline lumbar spine t- score and treatment.

32



i

NDA 21455/N_000
Statistical Review and Evahuation
223 Statistical Evaluation of Evidence on Efficacy / Safety

Lifetable Analysis for the First New Incident Vertebral Fracture and Estimate of
Relative Risk Reduction through Year 3 in Selected Subgroups (ITT):

150

1001

{ ! . il Shnzse

SR pe—'

Relative Risk Reduction (%)

-101

v,
*

{<70 (Age 0), >=70 (Age 1), North America (Continent 0), Europe (Continent/ 1), Canada/Montana/Seattle
(Region 1), Other North America (Region 2), Norway (Region 3), Other European (Region 4)]

The risk of the first new vertebral fracture is over 47% and over 39% less compared to
placebo for all subgroup levels in the 2.5mg and the 20mg groups, respectively.

The relative risk reduction is higher for the 2.5mg group compared to the 20mg gfo’up
for all subgroup levels.

The most relevant-(thought by the sponsor) subgroup analyses (continent, BMI at
baseline, age at baseline, time since menopause, number of prevalent fractures, lumbar
spine BMD at baseline) are summarized in the Table and Figure below. The overall
incidence of new vertebral fractures varied depending on the subgroup. Nevertheless, all
subgroup analyses showed a robust trend to a reduction in fracture risk in both
ibandronate treatment groups. These trends often reached statistical significance despite
the fact that the study was not powered to show this for these sub-populations.
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Lifetable Analysis for the First New Incident Vertebral Fracture and Estimate of
Relative Risk Reduction through Year 3 in Selected Subgroups (ITT):

Practure Intcidende falative Rigk Meduction

Placebo 2.3 n 3.9 o, 20 . vl
ng ng ’: v-nlnl"wwru

Comtinment’
10.24% . 0N 5.48% 56.86% 0.0007 84N 0.0044

Ansrica T.9M 3.an 3.7 75,120 G.0084 54.44% 0.0522
SMI at Baselines
Lower tertila (S 33.96) . ™ 3.78% $.27% H.TR 0.31%7 37.85% 0.172)
Hiddle cvarcile {23.97-27.421 10.04% 4.27¢ . 3.94% 65.46% 0.0060 59.20% 0.012?
Upper tartile (X 27.43) 9.4 3.954% 5.40% 79.9%01% 0.0011 47.869% 0.9544

{years]:

2930 . 10,963 3.000 4.79% T1.44% <0.0001 %.97% o.,8C.y
2N 7.99% 5.56% S.06% 47.08% 0.041¢ 39.42¢ 0.0%9
Tine sinoe Honcpeuwe (yesre)
lowsr tertile (£ 17 10.40% 2.18% 3. 78.00% 0.0006 €56.79% 0.8¢)1
Middle tertile {18-24) 8,21% 8.20% 4, T 33.67% 0.2287 43 .87% Q,111?
rper tertils (2 25) 10.20% 3.62% 6. .A8% 70.05% 0.0052 35.52% Q.18<€23
wuxber of prevalent Cracturos: -
dor i 6.21% 2.40% 3.54% 65.78% ©.00%6 4L 9N 0.8260
&2 14.00% T.46% 6. 16% 60,91% 0.000% .62 0.3¢24
Spinal @ {L2-tA) st Beaselioe:
BD ¢ -2.3 12.54% $.36% 7.28% 58.9°% 0.00023 42 It 9.¢T32
@S 2 -2.5 4.89%% k rdt} 1.54% 20.99% 0.5492 €7.37V 6.33:.

Note: One patient in placebo group could not be evaluated for lack of a spine X-ray at baseline.

Relative risk reduction estimated by proportional hazard model with interaction (treatment * baseline T-

Score <-2) for all subgroups, except for lumbar spine BMD, for which the intera}c'tion term is not
applicable. : g

APPEARS THIS WAY \
ON ORIGINAL
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' Figure for Reduction in Relative Risk (with 95% CI) of First New Incident
Vertebral Fracture Through Year 3 in Selected Subgroups (ITT):
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" § Figure for Reduction in Relative Risk (with 95% CI) of First New Vertebral Fracture
Through Year 3 in Selected Subgroups (ITT):
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For both active treatment groups, the reduction in the relative risk of the first new
vertebral fracture for all subgroup levels is greater than 35% except for "History of
Oopherectomy= Yes" for the 20mg group. The risk of a new vertebral fracture in the

"History of Oopherectomy= Yes" subgroup level is higher in the 20mg group compared
to placebo.

The risk of the first new vertebral fracture in the 2.5mg group is over 54% less compared
to placebo for all subgroup levels.

The relative risk reduction is higher for the 2.5mg group compared to the 20mg group for
all subgroup levels except, Fracture 2 (22 clinical fractures), Serum Bone 3 (serum bone-

specific alkaline phosphatase > 48 U/ L) and Urinary Calcium 2 (urinary calcium
between 0.255 and 0.424 mmol/ mmol).

~
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Numerical Results:

Fracture Incidence Relstne Ruk Reducton
Placcbo  2.5mg 20mg 235mg p-value 20mg vx.  pvahue
vs, Placcho
Placcbo
Baseline Helght (cm)
Lower Tentife (< 157.48) 838% 4.06% 3.82% 1. 1% 00382 $0.2% 0.069$
(Heigit 1) {a= 3321 (=301} (n=308)
Middte Terile (15748 9,75% 4.51% 5.45% 614% 0.0082 50.2% 0.0354
162.56) (a=346) (n=317) (u—328)
(Height 2)
Upper Tentile > 162.36) 10.4% 5.33% 5.34% 65.1% 0.0054 49.2% 0,0458
(lkipt 3) {n=296) (n=3319) (a=3d))
History of Oopherectomy
Yes (Oopherectomy 1) 4.30% 2.83% 4.44% 55.9% 0.3448 -15.0% N.R287
{(a=121) (n=144) (a~I57)
No (Oopherectomy 2) 10.30%  5.00M 4,98% 61.8% <0.0001  54.0% 0.0003
) (m851)  (n-831)  (n—-820)
Clinlenl Fractures in Last 8 Years
Q@ (Fracture 0) 8.87% 4.434% 4,76% 59.8% 0.0004 49.0% 0,003}
{(n=143) (n=716) (n=756)
1 (Fracture V) 11.25% 4.66% S.97% 69.3% 0.014S8 46.5% 0.13%6
{n=167)  (n-214) (n=179)
2 or mare (Fracture 2) 13.65% R3I% 2.60% $4.8% 0.1593 76.4% 0.1965

{n-4a3) (n=47) (n~-42)
Serum Boae Specific Alkaline Phasphatase (UL}

Lower Tenile (< 32) 6.65% 4.01% 3.00% 72.5% 0.24%1 61.6% N2AKN
18Seum Bone 1) {(n-81 {n~39) (n-&7)

Middle Tertite 132-48) 9.62% 4.23% $98% 73.5% 0.1042 55.3% 02531
(Scrum Bone 2) {n=81) n=91) (n=81)

Upper Tartile (> 48) 17.17% 343% 4.44% MN.4% 0.060% 1% 0.0429
(Scrum Bone 3) {n=62) (n=73) (n=81) /)

Urinary Calciuo/Crentinine (mmal/mmel) . - /

Lowee Tentile (< 0.285) $31% 1.88% 3.514% 64.6% 0.3687 37.4% 06138
{Urimary Caleium 1) {n=18) m=64)  (n=74)

MiddleTertile (0.255-0423) 13.42% 4.71% 1.94% 139% 0.08%9 £8.4% nndin
(Unmary Caleium 2) {n-%0) (n-77) (n-63)

Upper Terule (> 0.424) 1493%  $31% 8.63% 715.9% 0.0395 63.2% nORYD
tUneary Caleivm 1) (n—611 (n=76) (N8}

Following is a Table for factor-Covariation, treatment, and treatment by factor interaction
p-values for some factors:

APPTARS THIS WAY
GN CRIGINAL
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P- Values from Cox’s Proportional Hazards Model
l'.!-c 5. plasthe 20mg VA, placehe

Taw Welght ﬁ al

Medimm Wettht a3 0%
Trestawent Q0001 L1700 ]
Low Weln*Treatment Qo8 aMn
Medium Welght " Treatasent a5 0.9406
Low NMS (<2} 0.4224
Mediaw BN (4137~ (11 ]
Trestmsent Q.00 0.0527
Low EMITrenimewt alxs a2
dediom SMU Trestment A4 08147
Low Yeurs Since Mowopnuse asy” ais
Slediam Yeors Since Messpiase Qs 0.4783
Trenioret andls 0,150¢
Lo Years* Treatment aXsel Q2426
Medinm Veurs* Troataest 0.0400 0.3677
Ne of Prevalent Practures 0.000% 0.0008
Trestasest 2929 (X310 ]
Na of Prevalent Fracteres*Trrutanrnt assy) [ X33
Histowy of Ostenpaeatic Fractares Q.80 .25
Treatosemt Q1038 0.201e
Hissery of Ostoaparatic Fractwei*Tevaiment Q83992 .54t
f.aw BMD T.aoare of e HIP ¥ ) 0.4500
Medium BMD T-svere of the HIP AB6IS 0.6621
Trestment 00046 0.0654
Low BMD T-were* Tremtment Q5964 03546
Medium MDD Tusrsee Trestmeng Q847 05138

Noter 1) The Cox regression model also contained bascline fumbar spine L-score (<-2.08D, 2.2.05D) a<
a cunariate and the mieraction between bhaseline lumbar spine t-soare and treximen,
2) Weight, 1ML, Years sine Menopause and Haseline 3MI) Texcores have been split into 3
calergaries using tertiles based on the following rules:
Low Weight: <= 61.2 Kg, Medium Weight: 61.2 Kg < Weight < 70 Kg. High Weight; >= 70 Kg
Low BMl:<~ 24 Rg/M?, Medium BMI:24 Ke/M'<BMI<27.4 Kg/M, High BMI:>~ 27.4 KgM°
Low Meno: <= 17 yrs, Medium Menias17 y19< Meno <24 yrs, High Meno: >~ 24 yr3
Low BMD: <= -2.] g/an’. Modium BMD:-2.1 glem®< BMD<-1 4 g/ery’, High BMD:>2-1.4 g'em’
3) Number of Prevakent Fractures at bascline has been classed as a binary covariate, l=nouc or |
and 2=2 or more

4) History of ostcoporatic fracsurcs has baen classed as a binary covariate. 1=YES and 2=NO.

The non-significant treatment p-values corresponding to factors/covariates “No of
Prevalent Vertebral Fractures” and “History of Osteoporotic Fractures” turned significant
by the reviewer’s analyses excluding the interaction term (this is appropriate because the
interaction is not significant) and excluding baseline lumbar spine T-score (otherwise
multi-collinearity may occur). The sponsor also provided significant p-values later in the
3-24-03 submission. Howeyver, their following argument may be controversial:

“Please note that the coding used to represent the 'number of prevalent fractures’
has changed (footnote marked in bold). The original coding used was 1 and 2 to
represent the two levels, it has now been changed to 0 and 1 in order to help
interpret the interaction term more easily. As you can see the p- values for the
number of prevalent fractures and the interaction term in Table 13 have not
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changed from the previous values sent, however the treatment term is now
significant.

By using the original coding, the interaction term was acting as a covariate
describing the 2.5mg group (over parameterisation). This was reducing the
treatment effect accordingly. The new coding now represents the interaction
between the number of prevalent fractures and treatment group correctly.”

When only the 2.5mg and placebo arms are considered, there were statistically significant
Treatment by Weight (low and high, excluding medium group) and Treatment by Years
Since Menopause (medium and high, excluding low group) interactions (2-25-03 and 3-
24-03 submissions). However, the analysis by including each interaction term in the

model separately, provided statistically significant p-values for the 2.5mg vs placebo
comparisons,

The distribution of fractures across the three weight levels is not consistent between the
treatment groups. For placebo, there is a slightly increasing trend in the fracture incidence
as weight increases, whereas for the 2.5mg group, a slight decreasing trend is observed:

Lifetable Analysis for the First New Incident Vertebral Fracture and Estimate of
Relative Risk Reduction through Year 3 by Weight (ITT)

i

! Frocture Incidence Relfative Risk Reduction
; Placcbo | 2.5mg 20mg 2.5mg | p-value | 20mgss. | p-value
e, Maceho
Piaccho /;
Webrhy - i
Low weight 8.718% 6.02%. | 5.74% I 02583 [ 2851% | 03208
{a=328) | (n=33}) | (n=316)
Madivm weight 9.22% 4.60% 4.15% $7.66% | 0.0224 SB24% 0.0163
{(n=330) | (n-320) 1 (n-332)
- High weight 10.35% 3.44% 4.84% 86.43% | 0.0002 $6.80% 0.0167
. (u=315) | (n=324) | (n=329)

Note: 1) The Cox regression model also contained baseline lumbar spine t- score (<-2.0 SD, >- 2.0 SD) as
a covanate and the interaction between baseline lumbar spine t- score and treatment. 2) Weight has béen
split into 3 categones using tertiles based on the following rules: Low Weight: <= 61. 2 Kg, Medium
Weight: 61. 2 Kg < Weight <= 70 Kg, High Weight: > 70 Kg

With respect to Years Since Menopause, in the 2.5mg group, the relative Risk Reduction

was 70% (much higher) in the upper tertile (>24) of the Years Since Menopause,
compared with 33% in the medium tertile (18-24):
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Lifetable Analysis for the First New Incident Vertebral Fracture and Estimate of
Relative Risk Reduction through Year 3 by Years Since Menopause (ITT)

%ﬂ*ﬁamﬂ.@%mm
w Phaccha

Rl

- Photbe j
E‘gm! L QW | 2.10% | 5.00% | ThET% | 00006 | 667V ] O.005] 1
Niodemn Wied 1-’.21@’" .I%J_. %‘Wo L e8| QA% | —oun—'le :

ta=34)) | w330y | (n=3380 ;
High level 10.28% J AN [ €, 009% | 00082 38 51% QAl¥eS
ja=300) | te=iM | (NP4

Note: 1) The Cox regression model also contained baseline lumbar spine t- score (£ -2.0 SD, >- 2. 0 SD) as
a covariate and the interaction between baseline lumbar spine t- score and treatment. 2) Years since
Menopause has been split into 3 categories using tertiles based on the following rules: Low Meno: <= 17

yrs, Medium Meno: 17 yrs< Meno <= 24 yrs, High Meno: > 24 yrs These ranges were then used to create
binary dummy,covariates.

There was a difference in the distribution of fractures amongst the low and high Vitamin
D tertile levels and the treatment groups (interaction p-value = 0.038). For the placebo
group, the incidence of fractures decreased in the high vitamin D level compared to the
low and medium vitamin D levels, whereas for the 2.5mg group, the incidence of
fractures increased in the high vitamin D level. The treatment effect between the 2.5mg
group and placebo was nominally significant for the low and medium levels of vitamin
D. Although the treatment effect between 2. 5 mg and placebo was not significant at the
5% level in the high level group, a risk reduction of 25% was observed.

Lifetable Analysis for the First New Incident Vertebral Fractu:re and Estimate of
Relative Risk Reduction through Year 3 by Vitamin D Status at Baseline (ITT)

Fracture dcaience Rebytive Risk Roduction
Ptaoebo | 2.5mg 2Omg ?5mg. e ‘t Meeeg 1y, | praloe
3, Plazedo
U P Phata | ST SN S,
Vitiss I Stotes
torw lond 1adt | Lixs Sel% melts | amod 49 T6% oy
1e-314) § tn=3i | =X
Madiom hevel 102eA% | AN 4 51% BLIMG [ omu? $6.48% [onleY
(673381 | 1a-M | in=29y N
Itigh leved AN (R 4 65% 5298 (o H51% P
(oe)i8) {31 | m=Ms)

Note: 1) The Cox regression model also contained baseline lumbar spine t- score (-2. 0SD, >-2.0SD) as a
covariate and the interaction between baseline lumbar spine t- score and treatment. 2) Baseline Vitamin D
Status has been split into 3 categories using tertiles based on the following rules: Low Vitamin D: <= 33ng/
ml, Medium Vitamin D: 33ng/ ml < Vitamin D <= 46ng/ ml, High Vitarmin D: > 46ng/ ml

The sponsor has provided a “Consolidated Discussion of Subgroup Analyses of New
Vertebral Fractures” in the NDA Module V, Section 2.2.2.3.

§ Five vanables were found to have a significant imbalance (without multiple
comparison adjustments) between at least one of the active treatment groups versus
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placebo at bascline. Three of those variables (body height, clinical fractures in last 5
years, and serum bone-specific alkaline phosphatase) were for differences between the
2.5mg group versus placebo.

All five parameters, body height, history of oophorectomy, number of previous clinical
fractures in the last 5 years, serum bone-specific alkaline phosphatase and urinary
calcium were included separately into the primary efficacy model. The following table
shows the significance of each parameter in predicting the primary efficacy endpoint
(based on the ITT population).

Test of the Individual Covariates in the Cox Regression

Cownrute in the AMedel 23mg k. | 2Umgax.
placebo placedo
P.vahae Pavatne
Body heigle [X113) 0.130)
Treatmeet Qoo 0.0006
{tiscory of caphorectomy A 0188
‘Treatment <0 0WNH 000U
No. of prey. facturct s lavt § yeans B.O971 8.}
Treaino <L (W1} 0.1006
Serum booe-specific alkaline phosphatase 0.6218 u.51%e
Treatmont 0803 0.0008
Urinsry caltian 07608 .73
Trestment f1.007> 00110

Note: Model also included terms for treatment, BMD lumbar spine (L2- L4) T-score and their interaction.

Serum bone-specific alkaline phosphatase was found to be a significant predictor of new
vertebral fractures at 3 years for all treatment groups. A higher baseline serum bone-
specific alkaline phosphatase value was associated with a higher fracture risk.

History of oophorectomy was also a significant predictor for placebo and the 2. Smg
group. A higher risk of fracture was associated with no history of oophorectomy.

For each Cox regression model fitted above, the treatment group parameter was also
found to be a significant predictor of the primary efficacy endpoint for both doses. _

In addition to including the significant baseline variables separately, all five variables

were entered together, and the least significant was removed from the model (one at a
time), using a backward selection procedure (using a selection criterion of 7.5%).
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Test of Covariates in the Cox Regression Model using a Backward Selection
Procedure (2.5mg vs. placebo)

P-value
Stepl! | Step2 [ Step3 | Step4 | Steps
Body height 0.4615 | 0.4603°
History of oophoreciomy 0.4269 0.4432 0.4199*
Prev. Clinical Fracturcs in last S yrs | 0.3306 03209 0.2770 0.2493*
Serum bone-specific alk. Phos. 0.0180 0.0149 0.0157 0.0206 0.0228
Urinary Calcium 0.7965*

Note: Group, BMD T- score and the interaction term were kept in the model.
Only patients with non- missing baseline parameter values were included.
* Variable to be dropped from the model

Test of Covariates in the Cox Regression Model using a Backward Selection
' Procedure (20mg vs. placebo)

P-value
Step | Step2 | Step3 | Step4 | Step s
Body height 08577+
History of oophorectomy 0.8396 0.8397*
Prev. Clinical Fractures in last Syvrs | 0.1448 0.1472 0.1402 0.1146"
Serum bone-specific alk. Phos, 0.0206 0.0203 0.0211 0.0213 0.0226
Urinary Calcium 1.6874 0.6628 0.6599=

Note: Group, BMD T- score and the interaction term were kept 1n the ‘model.
Only patients with non- missing baseline parameter values were included.
*Variable to be dropped from the model.

Only serum bone-specific alkaline phosphatase was found to be a statistically significant
predictor of new vertebral fractures at year 3 for all treatment groups.

For each Cox regression model fitted above, the treatment group parameter was also
found to be a significant predictor of the primary efficacy endpoint overall (p< 0.02).

APPEARS TS WAY

ON SRIGIHAL
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§ Sponsor’s Sensitivity Analyses (Various Analyses of the Primary Efficacy Parameter)

Treattnem Analysis P.value | Population | Relative 95% C1 (o
Comparison Risk reduction
Reduction

2.51ng versus Life tadle 0.0002 | ITT

placebo

2.$mg versus Sensitivity Lifc tablo 00002 | ITT

phoebo

2.5mg versus Cox regressian (exc. bascline 0.0003 | ITT S181% 28.43% -

placebo BMD) 67.56%

2.5mg versus Cox regression (inc. bascline 00003 | (TT S2L11% 28.88% -

phcebo BMD) 62.76™

2.5mg versus Cox regression (inc. bascline 0.0001 | ITT 61.62% 40.89% -

nlaceho BMD and interaction) 75.08%

2.5mg versus Senstivity Cox regression {exc. § 0.0002 | ITT 48.55% 26.63% -
placcbo bascline BMD) 63.92%
2.5my versus Sensilivity Cox regression (inc. | 0.0002 | ITT 43.73% 26.90% -
placcbo bastline BMD) 64.05%
25mg versus Sensitivity Cox regression (inc. | <0.000 | ITT 58.58% 38.71% -
placebo baselime BMD and imteraction) | 1 72.01%
2.5mg versus Cox regression (exc. baseline 0.0023 | PP 48.21% 20.90". -
placcbo BMD) 66.10%
2.5mg versus Cox regression (inc, bascline 0.0021 | PP 318.64% 21.54%, -
placeho BMD) 66.37°.
2.5myg versus Cox regression (ine. bascline 00001 | PP 39.11% 35220, -
placcho BMD and intcraction) 73.20%.
20my versus Life wable 0.0006 | ITT
placebo
20mg versus Sensltivity Life table 0.0007 | ITT
placcho - :
20my versus Cox regression (exe. bascline 00007 | ITT 48.96% 24.71% -
20mg versus Cox regression (inc. baseline 0.0005 | ITT 49.82% 25.98%, -
placcho BMD) 63.99°.
20mg versus Cox regression (inc. bascline 0.0006 | ITT 40.87% 25.60°. -
placebo BMD and interaction) 66.20%
20mg versus Senasitivity Cox regression (exc. | 0.0009 | ITT 44.32% 21320, -
placcbo bascline BMD) 60.59%,
20my versus Sensitivity Cox regression (inc. | 00007 | ITT 45.01% 22.30% -
placebo baseline BMD) 61.08%
20mg vers Sensitivity Cox regression (inc. | 0.0012 | ITT 44.19% 20.49%% -
placcbo bascline BMD and interaction) 60.83%
20my versus Cox regression (exc. baseline 0.001R | PP 47.62% 20.00%, -
placcbo BMD) 65.71%
20mg versus Cox regression {inc. bascline 0.001Y | PP 43.96% 22.04% -
placcbuy BMD) 66.558%.
20my versas Cox vegressim (g, asehne o006 | PP 49.84% 22960, -
placehu BMD and mteraction) 67.34%,
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Sponsor’s Comment: Therefore, the primary efficacy results from MF4411 are consistent
using the various defined populations, and different survival analysis techniques.

2.3.3.1.6 Reviewer's Comments and Conclusions on Study MF 4411

This study has provided statistical evidence of efficacy for both the ibandronate doses
studied, especially the 2.5 mg dose. Various analyses by the sponsor (sensitivity analyses
above) and by the reviewer (SAS PROC LIFETEST and PHREG) as well as a crude
analysis (Fisher’s exact test by the reviewer) were performed.

If statistical significance is not mentioned, then the comparison is only numerical. BMD
was the only covariate pre-specified in the Data Analysis Plan, for inclusion in the Cox
regression model of the primary analysis. The distribution of the small number of new
fractures in the low risk group of patients with a BMD T- score > ~2.0 was different to
the new fractures found in the majority of patients with a T- score <-2.0. Asa
consequence, the interaction test between treatment and BMD T- score was significant
for the 2.5 mg daily ibandronate treatment group (p=0.0043), but not for the intermittent
20 mg treatment group (p= 0.9765). There was a greater treatment effect.between 2.5mg
versus placebo and 20mg versus placebo in the high-risk patients (i.e. BMD T- score <= -
2.0 SD) than in the low risk patient subgroup. In fact, in the low risk patient subgroup,
the 2.5mg group was numerically far inferior to placebo and statistically nearly
significantly inferior to placebo. That is, the interaction was qualitative.

The following subgroup analyses were exploratory: ,,/’
- " /
There was a statistically significant Age [<70 (Age 0) or >70 (Age 1)] by Treatment

interaction (p= 0.0747) for the 2.5mg vs placebo comparison. The treatment benefit was
more in the age group <70.

When Region was included in the model, 20mg result was non-significant. The relative
risk reductions observed for the 2.5mg daily group versus placebo were a reduction pf
54.8% in Norway, a reduction of 59.8% in Other European, a reduction of 81.9% in
Canada/ Montana/ Seattle and 66.8% in Other North American.

When only the 2.5mg and placebo arms are considered, there were statistically significant
Treatment by Weight (low and high, excluding medium group) and Treatment by Years
Since Menopause (medium and high, excluding low group) interactions (2-25-03 and 3-
24-03 submissions). However, the analysis by including each interaction term in the

model separately, provided statistically significant p-values for the 2.5mg vs placebo
comparisons.

The distribution of fractures across the three weight levels was not consistent between the
treatment groups. For placebo, there was a slightly increasing trend in the fracture
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incidence as weight increases, whereas for the 2.5mg group, a slight decreasing trend was
observed.

With respect to Years Since Menopause, in the 2.5mg group, the relative Risk Reduction
was 70% (much higher) in the upper tertile (>24) of the Years Since Menopause,
compared with 33% in the medium tertile (18-24).

There was a difference in the distribution of fractures amongst the low and high Vitamin
D tertile levels and the treatment groups (interaction p-value = 0.038). For the placebo
group, the incidence of fractures decreased in the high vitamin D level compared to the
low and medium vitamin D levels, whereas for the 2.5mg group, the incidence of
fractures increased in the high vitamin D level. The treatment effect between the 2.5mg
group and placebo was nominally significant for the low and medium levels of vitamin
D. Although the treatment effect between 2. 5 mg and placebo was not significant at the
5% level in the high level group, a risk reduction of 25% was observed.

In summary, all the treatment by factor interaction occurred for the 2.5mg vs placebo

comparisons and the factors were: Baseline lumbar spine T-score, age, weight, years
since menopause, vitamin D status.

§ For all subgroup levels based on Age, Continent, and Region, the risk of the first new
vertebral fracture is over 47% and over 39% less compared to placebo in the 2.5mg and

the 20mg groups respectively. The relative risk reduction is higher for the 2.5mg group
compared to the 20mg group.

§ The overall incidence of new vertebral fractures varied more or less depending on the
subgroup (continent, BMI at baseline, age at baseline; time since menopause, number of
prevalent fractures, lumbar spine BMD at baseline). Nevertheless, all subgroup analyses
showed a robust trend to a reduction in fracture risk in both ibandronate treatment groups.

These trends often reached statistical significance despite the fact that the study was not
powered to show this for these sub-populations.

§ Graphs and numerical results for subgroups based on Baseline Height, History of-_
Oopherectomy, Clinical Fractures in Last Five Years, Serum Bone Specific Alkaline
Phosphatase (U/L), Urinary Calcium/Creatinine (mmol/mmol) are provided in the
previous Section. For both active treatment groups, the reduction in the relative risk of
the first new vertebral fracture for all subgroup levels is greater than 35%, except for
"History of Oopherectomy= Yes" for the 20mg group. The risk of a new vertebral
fracture in the "History of Oopherectomy= Yes" subgroup level is higher in the 20mg
group compared to placebo. The risk of the first new vertebral fracture in the 2.5mg
group is over 54% less compared to placebo for all subgroup levels.

The relative risk reduction is higher for the 2.5mg group compared to the 20mg group for
all subgroup levels except, Fracture 2 (=2 clinical fractures), Serum Bone 3 (serum bone-
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specific alkaline phosphatase > 48 U/ L) and Urinary Calcium 2 (urinary calcium
between 0.255 and 0.424 mmol/ mmol).

§ Five variables (body height, history of cophorectomy, number of previous clinical
fractures in the last 5 years, serum bone-specific alkaline phosphatase and urinary
calcium) were found to have a significant imbalance (without multiple comparison

adjustments) between at least one of the active treatment groups versus placebo at
baseline.

Serum bone-specific alkaline phosphatase was found to be a significant predictor of new
vertebral fractures at 3 years for all treatment groups. A higher baseline serum bone-
specific alkaline phosphatase value was associated with a higher fracture risk.

History of oophorectomy was also a significant predictor for placebo and the 2. 5Smg
group. A higher risk of fracture was associated with no history of cophorectomy.

For each Cox regression model fitted, the treatment group parameter was also found to be
a significant predictor of the primary efficacy endpoint (p< 0.02).

2.3.3.2 Study MF 4499

Synopsis of the Study follows:

TITLE OF THE STUDY / REPORT No. / DATE OF REPORT Cfinical Study Report —
Protocol MF 4499: Dose- finding study-on the efficacy and safety of ibandronate for
prevention of bone loss in postmenopausal women during 2- year treatment, using a

continuous oral dosing regimen (0.5, 1.0, or 2.5 mg daily). Research Report 1004114 /
May 8, 2002.

INVESTIGATORS / CENTERS AND COUNTRIES: Twelve investigators at 11 study
centers in the United States and Canada. )

PERIOD OF TRIAL: August 4, 1998 to March 21, 2001 CLINICAL PHASE: III

OBJECTIVES: The objective of study MF 4499 was to investigate the dose-response,
efficacy, and safety of continuous oral ibandronate administration for the prevention of

bone loss in postmenopausal women, and to define the optimum dose to prevent bone
loss.

STUDY DESIGN: MF 4499 was a randomized, double- blind, placebo- controlled, dose-
finding study. Patients were allocated into 1 of 4 strata according to the length of time
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since menopause and the baseline BMD T- score of the lumbar spine (L1- L4), then
randomized into 1 of 4 dose groups [placebo or ibandronate (0.5, 1.0, or 2.5 mg)].

NUMBER OF SUBJECTS: A total of 653 patients were randomized into the trial - 162 in
placebo, 162 in 0.5 mg, 165 in 1.0 mg, and 163 in 2.5 mg groups.

DIAGNOSIS AND MAIN CRITERIA FOR INCLUSION: A patient was included in the

study if she was a woman at least 1 year post- menopause and provided written informed
consent.

DOSE / ROUTE / REGIMEN / DURATION: Patients received one tablet of oral study
medication daily for two years. Patients took medication with at least 100 ml (4 0z.) of
plain water after waking up in the moming; and were not to recline after intake. No food

or liquid except water was to be ingested for at least 6 hours prior to and at least 30
minutes following intake of medication.

EFFICACY: The primary variable was the relative change from baseline in BMD of the
lumbar spine (L1- LA4) after 2 years of treatment. Secondary variables were: absolute and
relative change (from placebo) in BMD of lumbar spine, forearm, and proximal femur,
absolute and relative change in total body bone mass, and change from baseline and
placebo in rate of bone turnover (assessed by serum CTX, parathyroid hormone and
osteocalcin concentrations, and urinary CTX excretion).

STATISTICAL METHODS:

A closed test procedure was adopted for the primary efficacy variable. The statistical
hypotheses were ordered to investigate the difference between the treatment groups for
relative change in BMD of the lumbar spine after 2 years of treatment, at the same alpha
level. This ordering of hypotheses allowed for a test at the level of alpha = 5% for each of
the individual hypotheses, unless the previous hypothesis could not be rejected. The
primary model was an ANOVA which took treatment and allocated stratum into account
as independent factors. The primary analysis group was the ITT population. Subgroup
analyses for the primary efficacy variable were conducted for stratum, weight, calcium
compliance, baseline vitamin D status, and time since menopause. A one- way ANOVA
model which contained only the treatment factor was used.

The methods for the secondary variables for the comparison between treatment groups of
relative change in BMD were the same as those used for the analysis of the primary
variable. The Wilcoxon Rank- Sum test was used for the comparison between treatment
groups for relative change from baseline in markers of bone turnover and PTH.

47



>

NDA 21455/N_000
Statistical Review and Evaluadon
223 Statistical Evaluation of Evidence on Efficacy / Safety

2.3.3.2.1 Objective

The objective is to investigate the efficacy, dose- response and safety of ibandronate in
daily oral administration for the prevention of bone loss in ostmenopausal women, and to
determine the optimum dose that prevents such bone loss.

2.3.3.2.2 Disposition of Patients

A total of 653 patients (of 1484 screened) at 11 study centers in the United States and
Canada were assigned to one of four strata (Table below), then randomized into four
treatment groups: 162 in the placebo, 162 in 0.5 mg, 166 in 1.0 mg, and 163 in the 2.5 mg
groups (Appendix t- pops Summary of Analysis Populations page 89 of Report). Five
patients did not receive study medication (three in placebo and one each in the 0.5 mg
and 1.0 mg groups). Of the 648 patients who received at least one dose of study
medication, 547 (84.4%) completed the full two years of treatment.

Distribution of Randomized Patients by Stratum and Treatment Group:

Dally Ural Dafly thindrense
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Stratem [ XY 1.0 mg 28 reg

[ TEM N N N N

o % B T N )
Bl 2SSO -3yny e 0 AR 3N
C1 ~l8D >lynd e 9 pay 2
Db 2880, > 3y fas St . HY
Jarsl 142 (14 j e 14}

*Ung pasicmt &d sen reeen ¢ stady medication,
Souse; $PRODEP 101 )1 A1 apofis 1 deho, ran it [P0l 18 33

/

Summary of Patients Prematurely Withdrawn from Treatment (Safety):

PLALCESG IRAIRCNATE ESRNLRONATE I8 AT
0.3 pa :Ongy.o 2.3y p o
INeI59) hielGl) =165 (Na1530
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Primary voason for early witiirasal
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Figure for Distribution of Treatment Completion/Withdrawal by Year

(Safety)
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Figure for Distribution of Withdrawals (Cumulative) due to Adverse Events
by Year (Safety)

Percentage of Patients Withdrawing Due to Adverse Events
Protocol(s): MF4499

104

9-
. [
[ ]
7‘ [ ]
|
o 6 [
5 s .
i i

T T T T T

Baseline Year 1 Year 2
Time

Randomized Treatment Grou +——+ |IBANDRONATE 0 5 mg p.o. -5 |IBANDRONATE 1.0 .0.
f P e o5 [BANDRONATE 22 mgbS.  ——— PLACEBO Mg p-o

Program . $PROD/cdp10131/mf449%prem_with2.sas / Output : SPROD/cdp10131/mfa499/reports/prem_with2ae.cgm |
13NOV2002 18 44 .

; . "7

Less than 10% of the patients in each treatment group withdrew during the first year.
This percentage did increase during the second year to less than 20%. In addition, the

number of patients that withdrew due to an adverse event was highest in the placebo
group (8.81%).

Overview of Analysis Populations

The demographic and safety analyses include data for all patients who were administered
study medication and had at least one follow-up visit. Two analyses were performed for
the efficacy parameters, ITT and PP. Efficacy data presented in this report express results

from the ITT population; the corresponding analyses for the PP population have been
included as appendices.
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ARALYE1S POPULATICN PLACERO ORAL IRANDROMATE
0.5 og 1.0 mg 2.5
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2.3.3.2.3 Demographic and Other Baseline Characteristics

Summary of Baseline Demographic Characteristics (Safety):
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There was a baseline imbalance in weight between ibandronate 1.0mg and placebo (p-

value = 0.0195, Dec. 11, 2002 submission).
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History of Hormone Replacement Therapy (Safety):
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There was a baseline imbalance in Pre-menopausal Treatment between ibandronate
2.5mg and placebo (p-value = 0.0260, Dec. 11, 2002 submission).

Patients who experienced at least one fracture of any kind prior to entering the study

numbered 55 (35%), 58 (36%), 63 (38%), and 48 (29%) in the placebo, 0.5 mg, 1.0 mg,
and 2.5 mg groups, respectively.

um BMD ) @TT):
Summary of Baseline BVID ( Jem D ATTYe e

ENITRED SITR KACIRD AL TRNIROINTS
g;om 28 .5 myg 1.0 uy 1.3 l?

LIRS ] =157 [ =) M=i%)

Total Letar Rpins (ll-L4)

. 2 157 KD pL 3 )
r;u &.21 1.00 1.0 §?.°
w o6 91 .o 33 .. ag d

Total Hip
o T34 I35 153
Nears o.aY [ ] q.48
0 0. 0.32 A3 9.11
M4l xn a8k a.nr
rang —

Trochantar - -
.| 1% ia 139 133
Mrec, 0.6% 9. 9.5 967
SO [} 9.10 .10 0.10
MNeadian o &% 8.8% 2.6% Q.44
[T BN,

Pesical Wech A ——

N P 357 1 %1
Nas 0.4 .M Q.2 Q.
0 v 1 0.11 Q.10 0.y
Mollan [ 35 ] 6?3 [ I 2N [ AEY
Varan e——

varda Triangle
3 bs-24 bs- 34 3-3 1%
Mears [ 1] 0 .40 0 .45
- o] a.14 e.u 8.1% 0.1
Neody e 0.31 ane arn pabad
L omid P

‘Total
] i L3 . 13 %
M. 1.04 3.3; 3.0 3 S 3
80 0.13 - .0 « ge
Hodi an 1-04 - 1.83 1.04 1.02

e

rediud 3/3
» 92 199 1% 13
Npacz o.6¢ 0.63 a.& 4.6%
-] 0.08 0.09 a.67 0.G¢
Mt 6.6Y a.cs B.66 a.63
ranse

kadlus V1Lys Distal
X % ps-23 139 2
o 0.62 9.4 0.42 g3
& 6 04 9.06 9.08 Q.04
MNadts en 0.4 90.42 0.42
Rarspe [

There was a baselineimbalance in PTH between each ibandronate group and placebo
(Dec. 11, 2002 submission):
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The baseline PTH was found to be significantly lower in each active group compared to
placebo. Patients in the 1.0mg group were found to weigh significantly less than the
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' patients in the placebo group, and fewer patients in the 2.5mg group were using pre-
menopausal treatments than in placebo.

Exploratory efficacy analyses adjusting for these imbalances were performed (see the
subsection “Covariation, Interaction, and Subgroup Results” after the discussion of the
main results in the Section 2.3.3.2.5 Efficacy Results).

2.3.3.2.4 Measurements of Treatment Compliance and Other Factors That Could
Affect Response

Calcium Supplement Intake and Concomitant Calcium

The large majority of patients in the study (463, 71.5%) took the calcium supplement for
a minimum of 721 days (Table 13). The mean duration of intake was fairly balanced
across the four groups, ranging from a minimum average of 650 days (1.8 years) for the
placebo group to 676 days (1.9 years) for the 1.0 mg group.

............................................................................................
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‘ Sunin;gg;y}pf Concomitant Treatments by Superclass (Safety):
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Source: $PROD/cdpl0111/mf4499/ reporta/e_dose ut rls 18STP2001 11:26

The mean total exposure to active drug was 317.3 mg for patients receiving 0.5 mg/ day
(634.6 tablets x 0.5 mg), 643.9 mg for the 1.0 mg patients, and 1539 mg for patients

taking the 2.5 mg daily dose (NDA Table 36; Listing of Patient Drug Administration,
Module IV).
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A large proportion of patients in each treatment group took at least 75% of study
medication: 130 (86.7%) placebo, 135 (86.0%) 0.5 mg, 141 (88.2%) 1.0 mg, and 130
(84.9%) 2.5 mg patients. The mean and median compliance across all groups was
approximately 88% and 98%, respectively.

2.3.3.2.5 Efficacy Results
(Sponsor's Analyses)

The Data Analysis Plan (DAP) replaces any statistical methods stated in the protocol with
respect to statistical analyses.

Date of finalization of DAP: 26™ April 2001

Date of Database Closure: 30 April 2001 (Oracle Clinical Database Closure)

Date of Randomization Code Release: 22" May 2001

The Data Analysis Plan (DAP) stated:
Primary Variable

The primary efficacy variable is the relative change from baseline in BMD of the
lumbar spine (L1 - L4) after 2 years of treatment.
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Statistical Hypotheses

A closed test procedure will be adopted. The confirmatory efficacy analysis will
follow a set of partial a priori defined and ordered hypotheses. The statistical
hypotheses will be ordered to investigate the difference in the relative change in
the lumbar spine BMD after 2 years of treatment between the treatment groups at
the same alpha level. This ordering of hypotheses will allow for a test at the level
of alpha = 5% for each of the individual hypotheses, unless the previous
hypothesis could not be rejected.

The partial a priori ordering of hypotheses is formally defined as follows.

HO1: “There is no difference between placebo and the ibandronate 2.5 mg group

in the relative change of lumbar spine BMD after two years of treatment”;

HO02: “There is no difference between placebo and the ibandronate 1.0 mg group

in the relative change of lumbar spine BMD after two years of treatment”,;

HO3: “There is no difference between placebo and the ibandronate 0.5 mg group -
in the relative change of lumbar spine BMD after two years of treatment”. -

The test procedure will first investigate, at the level of ®=5%, whether HO1 can be
rejected. In case HO1 is rejected, the hypotheses HO2 will be tested at a=5%. If
HO2 is rejected, HO3 will be tested at 0=5%. The hypotheses will be tested by
means of an analysis of variance (ANOVA). For both studies, the primary
ANOVA will take into account as independent factors: treatment group and
stratum, as defined by baseline BMD (> or <-1 SD T- score) and time since
menopause (> or <3 years). ’

6.1.2 Analysis of Primary Efficacy Variable All analyses described in this section
will be performed for both the ITT and the PP populations.

Primary analysis

The primary criterion for the evaluation of relative change in BMD is the BMD of
non- fractured vertebrae of the lumbar spine (L1 - L4). The change in BMD is
defined as the relative difference between the 2-year measurement (either
measured qr carried forward) and baseline, using the following formula:

Relative change = (2-year value — baseline value) / (baseline value) x 100
In the ITT population, a missing BMD value at Month 24 will always be imputed
using the LVCF method. In the PP population, this method will be applied only if

the patient stopped treatment due to lack of efficacy. In that case the last on-
treatment value will be carried forward (see Section 3.4).
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The primary model is an ANOVA which will take treatment and allocated stratum
into account as independent factors. The primary analysis is the analysis of ITT
population.

Efficacy Results
Primary Variable - BMD of the Lumbar Spine

The ibandronate groups showed dose-dependent increases in lumbar spine (L1-1.4) BMD,
with greater increases seen with the 1.0 mg and 2.5 mg dose groups, as compared to
placebo. The 0.5 mg dose group did not show any significant effect in lumbar spine
BMD. (NDA Appendices t_bmds_av_itt page 267 and t_bmds_av_pp page 268). For the
2.5 mg group, the difference from placebo in mean relative change from baseline was
statistically significant at all sampling time points (p < 0.001 at last value), beginning at
Month 6 (Table below). While difference in relative change from baseline lumbar spine
BMD was 1.9% greater for the 2.5 mg group after Month 24 LVCF, the BMD for the
placebo group decreased by 1.2% during the same time period. Results for the PP
population were similar to those observed for the ITT treatment groups. The difference in

the mean relative change between the ibandronate 2.5 mg last value and placebo last
value was calculated to be 3.1%.

Summary of Spine BMD (L1-L4) Relative Change (%) Over 24 Months (ITT):
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(a) F-test: current treatment group versus placebo adjusted for stratum.
* Difference between active group and placebo was statistically significant (p < 0.05).

Difference in the mean relative change between Ibandronate 2. 5 mg Last Value and Placebo Last
Value =3.1269%
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Mean Relative Change (with 95% CI) from Baseline in BMD of Lumbar Spine (L1-

L4) (ITT):
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Following is the cumulative distribution graph for Percent Change from Baseline of
Spine BMD (L1- L4) Over 24 Months (ITT):
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From this, percent of patients (y-axis value) with a value of Percent Change from
Baseline, smaller than or equal to a value on the x-axis can be read. For example, nearly
70% (Note: Only around 45% in Study 4411) of the placebo patients had a <0% change

from baseline (i.e., no improvement) compared with only around 44% of patients in the
ibandronate 1.0mg group and around 30% in the ibandronate 2.5mg group.
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§ Only 51 patients had their last value carried forward in the ITT LVCF population for
the Month 24 assessment compared to 569 patient who had not. Even among the patients
who withdrew before Month 24, placebo had the worst response. [12-20-02 submission]

§ Covariation, Interaction, and Subgroup Results

Note: The synopsis of this large subsection is provided in Section 2.3.3.2.6 Reviewer’s
Comments and Conclusions.

Figure for Mean (& 95% CI) of Difference Between Ibandronate Groups vs.
Placebo for Relative Change in BMD Lumbar Spine (L1- L4) from Baseline at
Month 24 [%] (ITT Population) (Also provided numerically in the details):
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Stratum Basolino PTH  Baseline Weight Pre-Menopausal
Trestment

Note. For PTH, Weight and Pre- menopausal Treatment, group and strata were included in the ANOVA
model (only group was included for the strata subgroup). Where:

Stratum A = Time since menopause = 1- 3 years and baseline BMD (L1- L4) > -1 SD

Stratum B = Time since menopause = 1- 3 years and baseline BMD (L1- L4) <-1 SD and 2-2.58D
Stratum C = Time since menopause = >3 years and baseline BMD (L1-L4) > -1 SD

Stratum D = Time since menopause = >3 years and baseline BMD (L1- L4) <-1 SD and 2-2.58D

59



NDA 21455/N_000
Statistical Review and Evaluation
223 Sutistical Evaluation of Evidence on Efficacy / Safery

For all active groups, the highest treatment effect estimates were found in Strata D, the
high risk patients.

For each active group versus placebo comparison, the highest mean difference in relative
change in BMD (L1- L4) from baseline was found in patients weighing between 65.3kg
to 76.8kg (Weight 2, middle group).

The difference in relative change in BMD between the 0.5mg and 1.0mg groups versus
placebo increased as the baseline PTH increased. For the 2.5mg group versus placebo
comparison, the highest mean difference in BMD was found for patients with a baseline
PTH value between 29.7pmol/ | and 42.3pmoV/ 1 (PTH 2, middle group).

Similar treatment differences between the 2.5mg group and placebo were found for
patients taking pre- menopausal treatments to those not taking the treatments. This was
also true for-the comparison between the 1.0mg group and placebo.

Details:

§ Stratum (T- score, TSM (Time Since Menopause)) (Section 3.2.2.1 of NDA Report)

Summary of Strata Results for Spine (L1- L4) BMD: Mean Relative Change from
Baseline to Last Value (ITT) Placebo Oral Ibandronate:
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Across the strata, changes from baseline in lumbar spine BMD in both the ITT and PP
analyses reflected the results of the overall study population, with one exception (Stratum
B, 0.5 mg group). The 2.5 mg groups in all strata showed a significant difference from
placebo by Month 12 (and as early as Month 6 for Stratum B and D) (p<0.0033 at last
value). Compared to the results of the main ITT population, greater increases in lumbar
spine BMD were seen in all ibandronate groups of Strata C and D. Thus, the greatest
treatment effect of ibandronate on lumbar spine BMD in this study was observed in
osteopenic patients who were at least three years postmenopausal. The difference in mean

relative change of spine BMD between ibandronate 2.5 mg and placebo was 3.5% (Table
above).
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More Details on These Strata Results

The table below summarizes the covariation and interaction p- values from the ANOVA
model fitted to the primary efficacy parameter (based on the ITT population).

P.value
Teemnwst 0.0001
| Suga’® 0.0001
| Trostmen *Sirsa 0.3173

* (1* * sign) where strata has 4 levels (A, B, C, D) defined before

No statistically significant interaction effect was found between treatment and strata,
although both main effects were found to be highly significant.

The following table provides the treatment comparison p- values for the strata sub-group
analysis performed on the primary ANOVA model (based on the ITT population).

Tranment Cosnperocn
.Smg ve 100 Ve, 2.5mg % phaceho
pleccba phccho
Stratum A 0.4048 0043 00033
Seraum B3 4043 anib UAHIES
Srpum oAy ey o pdeest
Soatum D 5,027 Qoga) *D Lo

For each stratum level, the 2.5mg treatment group was found to be significantly different

to placebo. All active treatment groups were significantly different to placebo for patients
in Stratum D.

]
/

Mean (& 95% CI) of Difference Between Ibandronate Groups vs. Placebo for Relative
Change in BMD Lumbar Spine (L1- L4) from Baseline at Month 24 (ITT Population):

Stratum A o) [Lan? 258
| (-0.936, 2420 L ingres, 3,591 ).380, 42Xty

Stratum B 0618 Lo 2814
2,270, 1040 141318 (1098, 4 933

Steasum C 1192 L 487 3403
(0771, 3155 Q492 3.407) 13.027, L 9%0)

Stexum D 1350 241K 3437
(152 2614} L1208 3 63 {2,178, 4. V46

§ Gender, Age, Race, and Center Subgroups (Graph at the end of text)

All patients were female. Age (<55 or >55) was a significant covariate. However, the
interaction with treatment was not significant. For all active groups, the highest treatment
effect estimates were found in patients aged > 55 years old.

There was no significant Race by Treatment interaction. Caucasians were found to have
higher treatment effect estimates then non-Caucasians.
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Center by Treatment interaction was significant only with respect to 1.0 mg ibandronate.
Centers 22051, 22054 and 22848 were found to have the highest treatment effect

A estimates. However, these centers did not have excessive number of patients (had only
44, 12 and 46 patients (for all treatment arms) in each center respectively).

, Mean (& 95% CI) of Difference Between Ibandronate Groups vs. Placebo for
Relative Change in BMD Lumbar Spine (L1- L4) from Baseline at Month 24 [%]
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